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STABILITY OF STANDING SEAM ROOF - PURLIN SYSTEMS 
James M. Fisher! and Joe N. Nunnery2 
Summary 
Presented in this paper are the design considerations of purlins which support standing seam roofs. 
To properly design purlins attached to standing seam roofs the AISI Base Test must be conducted. 
The AISI anchorage equations can be used for standing seam systems provided that it can be 
shown that the standing seam diaphragm system has sufficient stiffness to meet the requirements of 
the diaphragm as specified in Section D3.2.1 of the AISI Specification. 
The stiffness of standing seam roofs can be determined from conventional diaphragm tests. The 
stiffness and strength of the standing seam diaphragm can be enhanced by the inclusion of the eave 
member in the diaphragm test; however, unless properly included an over estimation of the 
diaphragm strength and stiffness may occur. 
Introduction 
The load carrying capacity of purlin systems attached to roof sheeting is dependent on the ability of 
the roof sheeting to torsionally and laterally restrain the purlins. The torsional restraint is provided 
by the bending strength and stiffness of the sheeting, and the clip/fastener assembly which 
connects the roof system to the purlins. Lateral restraint is provided by the diaphragm capacity of 
the sheets and any discrete point bracing designed into the system. 
The torsional restraint is self contained in the sheeting; however, brace forces and diaphragm 
forces accumulate and must be transferred to other structural elements, i.e. rigid frames, vertical 
bracing, etc. 
Current Design Practice: "Through Fastened" Roof Systems 
Purlins having their compression flange attached to deck or sheathing are designed as laterally 
supported members. Forces are developed in the bracing system and the deck or sheathing and 
must be calculated and anchored in accordance with AISI Specification(l), Section D3.2.1. 
The AISI equations depend on the location and type of lateral bracing system. The cases included 
in the specification are: 
1. Torsional Bracing at the Purlin Ends. 
2. Third Point Bracing, and 
3. Mid-point Bracing. 
Manufacturers using discrete point bracing systems generally anchor the bracing by balancing the 
bracing forces across the building ridge. This requires that the structure have equal slopes, equal 
loading and equal lengths on each side of the ridge, in order for the bracing forces to be balanced. 
If these equalities do not exist then members must be added to resist the unbalanced forces. Thus, 
discrete point bracing systems cannot be used for single slope structures without adding additional 
force transfer members. 
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Some manufacturers use a system that incorporates bracing only at the eave line, i.e. torsional 
bracing at the eave strut ends. The primary advantage of this system over discrete point bracing 
systems is that fewer parts need to be handled during erection. In addition, this system does not 
require modification for single slope buildings and does not require alteration for the inequalities 
mentioned above. 
The AISI equations require that the roof diaphragm has a diaphragm stiffness of at least 2000 
lb/in., or that the lateral deflection of the purlin / roof diaphragm does not exceed the purlin span 
length divided by 360. The authors believe that the span divided by 360 is a reliable indicator of 
the stiffness requirement. In tests conducted by the authors purlins typically reached their collapse 
loads when the lateral displacement of the compression flange was approximately equal to the test 
span divided by 360. 
Current Design Practice: Standing Seam Roof Systems 
In the United States, many manufacturers assume the standing seam roof panels brace purlins. 
Some assume a reduction of full constrained bending capacity. In Australia and Japan it is 
customary for no lateral support to be assumed. 
These assumptions range from the very conservative to the possibly very liberal. There is no 
formalized criteria to measure assumptions. Based on testing, the amount of resisting moment 
which the supporting purlins can achieve can vary from the fully braced condition to the unbraced 
condition for a given system. Because of this wide variation in behavior it was determined that it is 
not practical to develop a generic analytical method to predict the interaction of a particular standing 
seam roof system and supporting structure, thus the base test method was derived. 
The American Metal Building Manufacturers Association has been jointly working with the 
American Iron and Steel Institute to develop a "Base Test". The major advantage of the Base Test 
(Murray and Rayburn, 1990) is that a simple span test may be used to predict performance of 
continuous span systems, thereby reducing experimental costs. 
Certainly, the endorsement of an approved consensus test method by the AISI will help matters by 
bringing an element of consistency to the situation. 
Little to no consideration has been given to the anchorage of the standing seam roof by many 
designers of standing seam roof systems, and at this point anchorage forces for standing seam roof 
systems are not addressed in the AISI Specifications, nor in the Base Test procedure. 
It is the purpose of the paper to critique the Base Testprocedure relative to purlin anchorage 
requirements and to make recommendations as to how to properly anchor purlin forces when 
standing seam roofs are used to support the purlins. 
Base Test Procedure 
The purpose of the base test is to determine the ability of a particular standing seam roof system to 
provide lateral and rotational support to the purlins to which it is attached. This applies to direct 
lateral and torsional bracing when the sheeted flange of the purlin is the compression flange. 
The test method provides the designer with a means of establishing a nominal moment for purlins 
in a simple span or continuous, multiple purlin line, standing seam roof system from the results of 
tests on a single span, two purlin line, sample of the system. At the current time the base test 
procedure is applicable for any gravity load cases. The validity of the test method has been 
established by a research program at Virginia Polytechnic Institute and State University and 
documented in references 2, 3 and 4. 
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This test method applies to an assembly consisting of the standing seam panel, purlin, and 
attachment devices used in the system being tested. It is not a test for the capacity of the individual 
components of the assembly. 
The base test procedure allows for two different test arrangements relative to purlin orientation. 
These are: 
1. Purlins opposed. 
2. Purlins facing the same direction. 
Purlins Opposed 
Testing with purlins opposed does not place requirements on the diaphragm, i.e. the lateral forces 
generated by the purlins are counterbalanced. Using this procedure does not address the issue of 
how the diaphragm anchorage forces are resisted and hence does not consider lateral stability 
issues. The method does demonstrate the effectiveness of the paneVclip torsional resistance and 
demonstrates if the lateral forces can be transmitted into the roof system. 
Purlins Facing the Same Direction 
Using this test procedure again demonstrates the torsional effectiveness of the paneVclip and also 
demonstrates if the lateral forces can be transmitted from the purlin to the roof system. 
The current Base Test procedure allows the simulation of the eave condition in a building by using 
a 1/4" x 3" x 3" continuous angle at the end of the test panels. It is permitted to anchor the 
continuous angle to prevent lateral displacement at its ends. The use of an anchored simulated 
eave condition can result in unconservative results. This situation can occur in standing seam roof 
systems which possess little to no diaphragm strength and stiffness. In these cases, the total 
anchorage strength is derived from the eave condition. Based on the AISI anchorage the demands 
on the simulated eave condition would be greater if more than two purlins are to be braced. If the 
tests are conducted not anchoring the simulated eave condition the results will be conservative; 
however, this will result in overly conservative test results, i.e. designs based on the results of the 
tests will be overly conservative. This is due to the high strength and stiffness demands on the 
relatively shallow diaphragm. 
Diaphragm Effects on the Base Test 
The effects of the diaphragm on base test results was investigated by the authors.(5) At the onset of 
this test program which began in late 1993, the authors believed that the diaphragm resistance of 
the roof was a key ingredient to the satisfactory performance of any roof system and a very 
sensitive one for SSR systems. Early tests were aimed at examining the effects of the diaphragm, 
and the stability of the purlin in the same test program. 
Test Program and Specimens 
Eight tests (93-1 through 93-8) were conducted on 8.5" specimens with the purlins oriented in the 
same direction. (See Table 1.) Seven tests (94-1 through 94-7) were conducted on 8.5" specimens 
with the purlins in the opposed orientation. (See Table 2.). The physical dimensions for all of the 
specimens is shown in Table 3. The MtfMn results do not include the effect of the overturning 
moment on the system due to the anchorage forces. 
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Tests 93-1 through 93-4 had no diaphragm edge angles and no rotational restraint between the 
purlin and the beam support. In tests 93-5 through 93-8, a 6" high, 0.12" thick clip was used to 
connect one of the purlins at both ends to the support beam. In addition, a 1.5" x 1.5" x .12" 
continuous angle was used at the panel edges to simulate continuity or eave stiffness. One fastener 
was used in the center of each panel flat. The diaphragm was not anchored, i.e. it was allowed to 
float on top of the purlins. The physical dimensions for all tests are shown in Table 3. 
Test Procedure 
Base tests were conducted in a pressure chamber (9'-0" wide x 4'-0" high x variable length 
commensurate with sample length) with two lines of identical purlins erected on a supporting 
framework. Tests were conducted with the purlins in the opposed as well as with the flanges 
facing the same direction. In the opposed orientation, the compression flanges pointed toward each 
other. The purlin webs were separated by a distance equal to the typical span used in actual 
construction. Each end of the panel cantilevered a distance beyond the purlin such that the loaded 
panel is horizontal over the support. The pressure chamber was sealed with a polyethylene sheet 
placed over the test specimen. Test loads were developed by evacuating air from the chamber to 
produce simulated gravity (positive) loads. Pressures were measured through manometer 
readings. Deflections and pressures were read and recorded at appropriate increments. Samples 
were measured and actual geometric and physical data gathered for use in test perfonnance 
evaluations. The test perfonnance to section capacity, MtfMn, was detennined. 
Table 1 Test Results with 8.5" Purlins Facing Same Direction 
Test Span Se Fy Mn W(tot) Mt Mt/Mn Failure Mode 
ft in in3 ksi k-ft lb/ft k-ft 
93·1 19.50 0.059 1.77 55 8.15 103.22 4.91 0.60 Lateral Torsional Buckling 
93-2 19.50 0.120 4.40 55 20.17 207.11 9.84 0.49 DiapbragmJPurlin 
93-3 28.50 0.059 1.77 55 8.15 62.92 6.39 0.78 Lateral Torsional Buckling 
93-4 28.50 0.120 4.40 55 20.17 136.58 13.87 0.69 SSR Clip Tab 
93-5 28.50 0.120 4.40 55 20.17 166.81 16.94 0.84 SSR Clip Tab 
93-6 19.50 0.120 4.40 55 20.17 287.71 13.68 0.68 SSR Clip Tab 
93-7 19.50 0.059 1.77 55 8.15 143.52 6.82 0.84 Lateral Torsional Buckling 
93-8 28.50 0.059 1.77 55 8.15 83.07 8.43 1.03 Lateral Torsional Buckling 
Table 2 Experimental Results for Opposed Purlins 
Test Span Se Fy Mn W(tot) Mt Mt/Mn Failure Mode 
ft in in3 ksi k-ft lb/ft k-ft 
94-1 19.50 0.119 4.34 56.23 20.34 374.28 17.79 0.87 SSR Clip Tab 
94-2 24.50 0.120 4.38 55.78 20.36 249.36 18.71 0.92 SSR Clip Tab 
94-3 29.50 0.119 4.33 54.89 19.81 156.64 17.04 0.86 SSR Clip Tab 
94-4 19.50 0.059 1.75 57.33 8.35 173.78 8.26 0.99 Section 
94-5 25.00 0.058 1.71 55.29 7.86 103.17 8.06 1.03 Section 
94-6 28.50 0.060 1.80 57.18 8.57 93.17 9.46 1.10 Section 
94-7 24.50 0.104 3.82 56.00 17.82 224.44 16.84 0.94 SSR Clip Tab 
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Table 3 Physical Dimensions of Tested Purlins 
Test Depth Thick Top . Top Lip Top Lip Bottom Bottom Bottom 
in in Flange in Angle Flange Lip Lip Angle 
in Deg in in Deg. 
93-1 8.5 0.059 2.50 0.70 50 2.48 0.70 51 
93-2 8.5 0.120 2.49 1.02 51 2.51 1.03 51 
93-3 8.5 0.059 2.52 0.69 50 2.48 0.72 50 
93-4 8.5 0.120 2.50 1.00 50 2.50 1.00 50 
93-5 8.5 0.120 2.49 0.99 52 2.52 1.03 52 
93-6 8.5 0.120 2.51 1.02 51 2.50 1.00 51 
93-7 8.5 0.059 2.50 0.71 51 2.51 0.70 50 
93-8 8.5 0.059 2.48 0.72 50 2.52 0.70 52 
94-1 8.5 0.119 2.48 1.00 50 2.50 1.00 51 
94-2 8.5 0.120 2.49 1.00 51 2.50 1.00 51 
94-3 8.5 0.119 2.48 0.99 52 2.51 1.01 51 
94-4 8.5 0.059 2.51 0.70 51 2.48 0.70 52 
94-5 8.5 0.058 2.48 0.69 52 2.50 0.71 53 
94-6 8.5 0.060 2.51 0.70 51 2.48 0.69 51 
94-7 8.5 0.104 2.50 0.98 51 2.48 0.97 51 
Test Results 
The failure of test assemblies 93-1 through 93-8 to develop the full purlin cross section strength in 
bending was primarily due to the inability of the diaphragm to resist the generated anchorage force. 
The effects of the diaphragm can be seen by comparing the Mt values between the tests with no 
diaphragm edge angle to those with an edge angle, i.e. a comparison of tests 93-1 and 93-7, 93-2 
and 93-6,93-3 and 93-8, and 93-4 and 93-5. An average increase in strength of 32 percent 
occurred when the edge angle was used. If one eliminates the diaphragm effect, i.e. "opposed 
purlins", the purlins reach their design strength as shown in Table 2. 
Significance of the Diaphragm in Building Design 
illustrated in Table 4 is the calculated anchorage force generated in each test using the AISI Eq. 
D3.2.1-1. 
An ultimate diaphragm failure load of 36 lbs/ft was obtained from standard diaphragm tests on the 
standing seam panels. Table 4 shows that the Base Test wit!). purlins oriented in the same direction 
produces shear loads in the panel diaphragm which exceed that capacity. To compare those panel 
shears with what one can expect in a typical industrial building, Table 5 is presented for a 100 foot 
wide building with a flat roof to correspond with the Base Tests seen in Table 4. 
The values in Table 5 illustrate that in a 100' wide roof, the predicted diaphragm requirements for 
anchorage forces are much less than the ones calculated for the Base Test apparatus. The decrease 
is by a factor of 4 or 5. Table 4 gives a clear indication why it is necessary to oppose purlins in the 
Base Test The predicted forces in Table 5 are within the nominal diaphragm capacity values for 
the standing seam panel. 
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Table 4 Anchorage Force Evaluation for 8" Zee Tests in Table 1 
Test Depth Flange Span Thick Failure Calculated Test Required Uniform 
in Width ft in Load Anchorage Diaphragm Diaphragm Load at 
in psf Force at Shear Strength Mt/Mn 
Support lb/ft for MtlMn 1.0 
lb - 1.0 I!sf 
1 8.5 2.5 19.50 0.059 23.4 232 30 50 39 
2 8.5 2.5 19.50 0.120 49.4 319 41 84 101 
3 8.5 2.5 28.50 0.059 13.0 187 24 31 17 
4 8.5 2.5 28.50 0.120 31.2 293 38 55 45 
5 8.5 2.5 28.50 0.120 39.0 366 47 56 46 
6 8.5 2.5 19.50 0.120 70.2 454 59 86 103 
7 8.5 2.5 19.50 0;659 33.8 335 43 51 40 
8 8.5 2.5 28.50 0.059 18.2 261 34 33 18 
Table 5 Anchorage requirements for First Interior Support 
for lOOt wide roof plane, with no slope 
Test Depth Flange Span Thick Failure Calculated Diaphragm Required Uniform 
in Width ft in Load Anchorage Shear Diaphragm Load at 
in psf Force at lb/ft Strength Mt/Mn 
Support for Mt/Mn 1.0 
lb - 1.0 lb 
1 8.5 2.5 19.50 0.059 23.4 748 7 12 39 
2 8.5 2.5 19.50 0.120 49.4 810 8 17 101 
3 8.5 2.5 28.50 0.059 13.0 633 6 8 17 
4 8.5 2.5 28.50 0.120 31.2 779 8 11 45 
5 8.5 2.5 28.50 0.120 39.0 974 10 12 46 
6 8.5 2.5 19.50 0.120 70.2 1151 12 17 103 
7 8.5 2.5 19.50 0.059 33.8 1080 11 13 40 
8 8.5 2.5 28.50 0.059 18.2 886 9 9 18 
Determining Diaphragm Requirements 
Based on the foregoing discussion it is apparent that the strength and stiffness of the diaphragm 
system should be evaluated when base tests are conducted with opposed purlins, or when the 
simulated eave condition is laterally restrained in the test If by testing it can be demonstrated that 
the diaphragm satisfies the strength and stiffness requirements as established in Section D3.2.1 of 
the AISI Specification, then the design procedure for standing seam roof systems would be to 
conduct the base test and to provide the required anchorage system per AISI Section D.3.2.1. 
The majority of diaphragm stiffness loss comes from side lap slip. Most metal building 
manufacturers provide an eave member to which the panels are secured. It is assumed that 
under temperature loads the eave member anchors the panels and the panels grow towards 
the ridge of the building. The fasteners that are used to attach the panels to the eave 
member provide significant restraint to seanI slip, thus they significantly increase the 
diaphragm strength and stiffness. 
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The effects of the eave beam can be detennined from diaphragm tests. The difficulty of including 
the eave member in a diaphragm test, is that the benefit of the fasteners in the eave can lead to 
unconservative assumptions relative to the diaphragm strength and stiffness. For example, if the 
cantilever test method is used to detennine the strength and stiffness, and the values obtained from 
the test are then used to predict the strength and stiffness of a larger diaphragm, the effects of the 
eave member on the strength and stiffness will be overstated. Stating this in another way, assume 
that a particular roof system has no ability to resist side lap slip, then the total stiffness is derived 
from the fasteners in the eave member. The strength does not increase when the size of the 
diaphragm is increased, it remains constant. 
If the eave member is intended to be used to verify that the diaphragm system has the required 
strength and stiffness, then the eave member must be isolated from the remainder of the 
diaphragm. The benefit from the eave member can then be added to the basic behavior of the 
diaphragm without the eave member. 
The strength and stiffness of any size diaphragm can be obtained by first obtaining the strength and 
stiffness of the diaphragm (Le. multiplying test values by the physical dimensions of the actual 
diaphragm) and then adding this strength and stiffness to the eave strength and stiffness. 
Thus, the diaphragm shear capacity can be represented as: 
Sot = So + Se 
where, 
Sot the total nominal diaphragm shear strength including eave member effects 
So the nominal diaphragm shear strength 
Se the nominal shear strength of the eave member 
The stiffness of the system can be represented similarly as: 
Kot = Ko +Ke 
where, 
Knt the total nominal diaphragm stiffness including eave member effects 
Kn the nominal diaphragm stiffness 
Ke the nominal stiffness of the eave member 
The diaphragm tests can should be conducted as illustrated in Figures 1 and 2. 
Shown in Figure 1 is the cantilever test assembly for detennining the diaphragm properties of the 
roof sheeting. The eave condition is not included in this test. It is presumed that it has been 
demonstrated from the Base Test, that through the clip, panel envelopment, or friction the purlin 
loads are transferred into the sheeting. The test load is delivered into the sheeting through an edge 
member parallel to the load. The sheeting is connected to the edge member with a sufficient 
number of fasteners to transfer the load. A similar edge member is connected between the 
diaphragm reaction points at the opposite edge. Members simulating the purlins are positioned at 
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the other two edges of the assembly, and at appropriate spacing within the assembly. The test 
should be conducted following the cantilever diaphragm test procedure as outlined in the AISI Cold 
-Formed Manual.(6) 
Edge Member 
Edge Member Deck Side laps 
p 
Fig. 1 Diaphragm Test Assembly without Eave Member 
Shown in Figure 2 is the cantilever test assembly for determining the diaphragm properties of the 
sheeting and the contribution from the eave member. The construction of the test assembly is 
identical to that shown in Figure 1, except for the inclusion of the eave members. Notice that the 
eave member has been included along both edges in the assembly. This is done to eliminate the 
panel warping effects along the ends of free panel edges. The warping if not prevented would 
uurealistically soften the stiffness of the effects of the eave member in the test. However, if the 
additional eave member is included in the test arrangement, then the strength effects of the eave 




Edge Member Deck Side laps 
p 
Fig. 2 Diaphragm Test Assembly with Eave Member 
The strength and stiffness contribution of the eave member can be determined by subtracting the 
test load obtained from the tests using the arrangement in Figure 1 from the load obtained from 
tests using the arrangement shown in Figure 2 and dividing by to two to account for the use of the 
two eave members. 
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